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( $W,$ $\mathrm{Y}^{W}(*, z)$ $v\in V_{n}$ $\mathrm{Y}^{W}(v, z)=$
$\sum_{m\in \mathbb{Z}}v^{W}(m)z^{-m-1}$ $o(v):=v^{W}(n-1)$
$S_{W}(v, \tau)=\sum_{n=0}(\mathrm{t}\mathrm{r}_{|W_{r+\mathfrak{n}}}o(v))e^{2\pi\sqrt{-1}\tau(r+n-c/24)}$























$V$ $C[2,0]$- (\S 2.2) $U$ V-)J $\square$
$\{W^{1}, \ldots, W^{k}\}$ $V$- $I^{\dot{\iota}j}(*, z)$ $(\begin{array}{ll}W WU .\end{array})$
58
$u\mathrm{C}\ovalbox{\tt\small REJECT}_{r}$] $(Spj(u, \tau))$ $r$





. $(V, \mathrm{Y}, 1, \omega)$ $c$
$W,$ $U$ V-
2.1 2
$(V, \mathrm{Y}, 1, \omega)$ 2
$(V, \mathrm{Y}[, ], 1, \tilde{\omega})$ $\mathrm{Y}[a, z]$ $a\in V_{\mathrm{w}\mathrm{t}(a)}$











2.1 V O $U$ $U$ $C_{2}(U)$ $\{a(-2)u:a\in V, u\in U\}$
$U/C_{2}(U)$
$U$ C2-
$C[2,0]$ $C_{2}(U)$ $\{a[0]u:a\in V, u\in U\}$
$U/C[2,0](U)$ $U$ C$[2,0]$ -
$C_{2}(U)$- C[2,o]-
2.3
22 $(W^{1}, \mathrm{Y}^{1}),$ $(W^{2}, \mathrm{Y}^{2}),$ $(W^{3}, \mathrm{Y}^{3})$ $V$ - $(W^{1} W^{3} W^{2})$
$W^{1}$ $arrow$ $\mathrm{H}\mathrm{o}\mathrm{m}(W^{2}.’ W^{3})\{z\}$
$w_{1}$ $arrow$ $I(w_{1}, z)= \sum_{r\in \mathbb{C}}w_{1}(r)z^{-r-1}$
(1) $I(w_{1}, z)$
(2) $L(-1)$ $I(L(-1)w_{1}, z)= \frac{d}{dz}I(w_{1}, z)$
(3) $(X-z)^{N}(\mathrm{Y}^{3}(v, x)I(w_{1}, z)-I(w_{1}, z)\mathrm{Y}^{2}(v, x))=\mathrm{O}N>>0$
(4) $I(v^{1}(n)w_{1}, z)=\mathrm{Y}(v, z)\cdot nI(w_{1}, z)$
$I(\begin{array}{l}w^{3}W^{2}W^{1}\end{array})$ $(\begin{array}{l}W^{3}W^{1},W^{2}\end{array})$
$N_{W^{1},W^{2}}^{W^{3}}$






2.5 $\backslash \backslash -\{\{.\ovalbox{\tt\small REJECT}$
$a\in V$ $u\in U$
$O(U):=<{\rm Res}_{x} \frac{(1+x)^{\mathrm{w}\mathrm{t}(a)}}{x^{2}}\mathrm{Y}(a, x)u,$ $>$
$A(V):=V/O(V)$ :
$A(U):=U/O(U)$ : . $*$ A(V)-
$a \cdot u-u*a={\rm Res}_{x}(1+x)^{\mathrm{w}\mathrm{t}(a)-1}\mathrm{Y}(a, x)u=\sum_{i=0}^{\infty}(\begin{array}{ll}\mathrm{w}\mathrm{t}(a)- 1i \end{array})a_{i}-u=a[0]u$
23(Zhu) $W_{0}$ $A(V)$ - $V$ - $W$ $W$
$\{w\in W|v(\deg v-1-n)w=0\forall n>0\}$ $W_{0}$
3
$G_{2k}(\tau)(k=1,2, \ldots)$
$G_{2k}( \tau)=\sum_{(m,n)\neq(0,0)}\frac{1}{(m\tau+n)^{2k}}$ for $k\geq 2$ ,











$(\begin{array}{ll}a bc d\end{array})\in SL(2, \mathbb{Z})$ $E_{2k}(\tau)$ $2k$ $(k>1)$
$P_{k}(z, q)= \frac{1}{(k-1)!}\sum_{n\neq 0}\frac{n^{k-1}z^{n}}{1-q^{n}}$
$\frac{1}{1-q^{n}}=\sum_{i=0}^{\infty}q_{\text{ }^{}ni}$ $\frac{1}{1-q^{-n}}=-q^{n}\frac{1}{1-q^{n}}(n>0)$ $P_{k}(z, q)$ $\{(z, q)||q|<$
$|z|<1\}$
3.1 $E_{k}(\tau)$ $P_{k}(z, q)$
$a\in V,$ $u\in U$ $a[-1]u= \sum_{i\geq-1}c_{i}a(i)u$
$\sum_{i\geq-1}$ ${\rm Res}_{\mathrm{w}}$ $((w-z)^{:}z^{n-:}w^{-\mathrm{w}\mathrm{t}(a)}P_{m}( \frac{z}{w}, q)$
-\Sigma :’-l Resw((-z+w):zn-:w-wt(a)Fm(z\Delta w’ $q$ )
$=E_{m}(\tau)$ .
4
$W$ $V$- $I(*, z)\in I(U W W)$







$=z_{1}^{\mathrm{w}\mathrm{t}(a_{1})}.$ . . $z_{n}^{\mathrm{w}\mathrm{t}(a_{n})}\mathrm{t}\mathrm{r}|_{W}\mathrm{Y}^{W}(a_{1}, z_{1})\ldots I(u, z_{i})\ldots \mathrm{Y}^{W}(a_{n}, z_{n})q^{L(0)}$
[ $a_{j}\in V,$ $u\in U$ $F^{I}((u, z),$ $\tau)=\mathrm{t}\mathrm{r}|Wo^{I}(u)q^{L(0)}$
$z$
4.1 $a\in V,$ $u\in U$
$F^{I}((a[0]u, z), q)=\mathrm{t}\mathrm{r}|Wo(a[0]u)q^{L(0)}=0$.
[Proof]
$0=\mathrm{t}\mathrm{r}|W(o(a)I(u, z)q^{L(0)}-I(u, z)q^{L(0)}o(a))=\mathrm{t}\mathrm{r}|W[o(a), I(u, z)]q^{L(0)}$




$F^{I}((a, x),$ $(u, z),$ $q)$
$=z^{-\mathrm{w}\mathrm{t}(u)} \mathrm{t}\mathrm{r}|Wo(a)o^{I}(u)q^{L(0)}+\sum_{m\in \mathrm{N}}P_{m+1}(z/x, q)o^{I}(a[m]u)q^{L(0)}$
$F^{I}((u, z),$ $(a, x),$ $q)$
$=z^{-\mathrm{w}\mathrm{t}(u)} \mathrm{t}\mathrm{r}|Wo(a)o^{I}(u)q^{L(0)}+\sum_{m\in \mathrm{N}}(P_{m+1}(zq/x, q)-\delta_{m,0})o^{I}(a[m]u)q^{L(0)}$
[Proof] $k\neq 0$ ( $\backslash o_{k}(a)=a(\mathrm{w}\mathrm{t}(a)-1+k)$
$\mathrm{t}\mathrm{r}_{|W}o_{k}(a)I(u, z)q^{L(0)}$
$=\mathrm{t}\mathrm{r}|W[o_{k}(a), I(u, z)]q^{L(0)}+\mathrm{t}\mathrm{r}|WI(u, z)o_{k}(a)q^{L(0)}$
$= \sum_{i\in \mathrm{N}}(\begin{array}{l}n+ki\end{array})z^{n+k-i}\mathrm{t}\mathrm{r}|WI(a(i)u, z)q^{L(0)}+\mathrm{t}\mathrm{r}|WI(u, z)q^{L(0)}o_{k}(a)q^{k}$
$= \sum_{i\in \mathrm{N}}(\begin{array}{l}n+ki\end{array})z^{n+k-i}\mathrm{t}\mathrm{r}|WI(a(i)u, z)q^{L(0)}+\mathrm{t}\mathrm{r}|Wok(a)I(u, z)q^{L(0)}q^{k}$
$\mathrm{t}\mathrm{r}_{|W}o_{k}(a)I(u, z)q^{L(0)}$ (
$\mathrm{t}\mathrm{r}_{|W}o_{k}(a)I(u, z)q^{L(0)}=\frac{1}{1-q^{k}}\sum_{i\in \mathrm{N}}(\begin{array}{l}n+ki\end{array})z^{n+k-i}\mathrm{t}\mathrm{r}_{|W}I(a(i)u, z)q^{L(0)}$
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$F^{I}((a, x),$ $(u, z),$ $q)$
$=z^{\mathrm{w}\mathrm{t}(u)} \mathrm{t}\mathrm{r}|Wo(a)I(u, z)q^{L(0)}+z^{\mathrm{w}\mathrm{t}(u)}\sum_{k}\neq 0x^{-k}\mathrm{t}\mathrm{r}|Wok(a)I(u, z)q^{L(0)}$
$=z^{\mathrm{w}\mathrm{t}(u)}\mathrm{t}\mathrm{r}_{|W}o(a)I(u, z)q^{L(0)}$
$+z^{\mathrm{w}\mathrm{t}(u)} \sum_{k\neq 0}$ $k \neg 1-q\sum 1j\in \mathrm{N}(_{i}^{\mathrm{w}\mathrm{t}(a)-1+k})z^{\mathrm{w}\mathrm{t}(a)-1+k-i}\mathrm{t}\mathrm{r}_{|W}I(a(i)u, z)q^{L(0)}$




















(c) $O_{q}(U^{\tau})$ $U(\Gamma(1))$ $M$ (r(l))-
$v[0]u$ , $v\in V,$ $u\in U$
$v[-2]u+ \sum_{k=2}^{\infty}(2k-1)E_{2k}(\tau)\otimes v[2k-2]u$ $v\in V,$ $u\in U$
5.1 $U$ 1 $C_{1}(U)$
$S(*, \tau)$ : $U(\Gamma(1))\otimes Harrow \mathbb{C}$
C-
(Cl) $u\in U(\Gamma(1))$ $S(u, \tau)$ ( $\tau$
(C2) $S(u, \tau)$ ( $M$ ([(1))-
(C3) $u\in O_{q}(U)$ [ , $S(u, \tau)=0$
(C4) $u\in U$ ,




53 $U$ $C_{2}$ - $V$ $\{W^{1}, \ldots, W^{m}\}$ V-
$\{I^{kj}(*, z) : j=1, \ldots, j_{k}\}$ $(\begin{array}{l}W^{k}W^{k}U\end{array})$ $I(U W^{k} W^{k})$
$C_{1}(U)$
{SI $(*,$ $\tau)$ : $k=1,$ $\ldots,$ $m,$ $j=1,$ $\ldots,$ $j_{k}$ }
65
6$SL(2, \mathbb{Z})$ 2 $(\begin{array}{ll}0 \mathrm{l}-1 0\end{array})$ $(\begin{array}{ll}1 10 \mathrm{l}\end{array})$
$\tauarrow\tau+1$
$\gamma(\tau)=\frac{-1}{\tau}$
$t+2m(-1\leq t<1, m\in \mathbb{Z})$ $U$ ( ) $U$ V-
$U$ $\mathbb{Z}+t$
$(-\iota\tau)^{-t}$ $\iota H$ [ [ $r\geq 0$ [ $(re^{2\pi\sqrt{-1}\theta})^{-t}=r^{-t}e^{-2\pi\sqrt{-1}t\theta}$
$- \frac{1}{2}<\theta\leq\frac{1}{2}$ $U$ $t+n$ $\tau^{-t-n}$ $(\tau^{-t})\tau^{-n}$





$L(c, h)$ h $c$
2
$L(c, 0)$
( $[\mathrm{F}\mathrm{Q}\mathrm{S}]_{\text{ }}$ [GKO])
$c=c_{m}=$
$1- \frac{6}{(m+2)(m+3)}$ $(m=0,1,2, \ldots)$ $L(c, 0)$
$L(c_{m}, h_{r,s}^{m})$ $h_{r,s}^{m}= \frac{[(m+3)r-(m+2)s]^{2}-1}{4(m+2)(m+3)}$ $(r, s\in \mathrm{N}, 1\leq s\leq r\leq m+1)$
7.1 $U$ $W$ $L(c, 0)$ - $I(U W W)\neq 0$ $u$





$L( \frac{1}{2},0),$ $L( \frac{1}{2}, \frac{1}{2}),$ $L( \frac{1}{2}, \frac{1}{16})$ $U=L( \frac{1}{2}, \frac{1}{2})$ $W=L( \frac{1}{2}, \frac{1}{16})$
1 $u$
$\frac{1}{2}$ $S^{I}(u, \tau)$ { $\frac{1}{2}$ [ $q^{1/12}$
$\eta(\tau)=q^{1/24}\prod_{n=1}^{\infty}(1-q^{n})$
2 ( $L( \frac{7}{10},0)$ { 6 I $L( \frac{7}{10},0)$ , $L( \frac{7}{10}, \frac{1}{10}),$ $L( \frac{7}{10}, \frac{3}{5}),$ $L( \frac{7}{10}, \frac{3}{2})$ ,
$L( \frac{7}{10}, \frac{7}{16})$ $L( \frac{7}{10}, \frac{3}{80})$ $U=L( \frac{7}{10}, \frac{1}{10})$ { $W=L( \frac{7}{10}, \frac{3}{80})$
$I(U W W)\neq 0$ 1
$u \in L(\frac{1}{16}, \frac{1}{10})$ $S^{I}(u, \tau)$ $\frac{1}{10}$
$q^{-\frac{1}{24}\frac{7}{10}+\frac{3}{80}}=q^{\frac{1}{120}}$ $(\eta(\tau))^{1/5}$ $S(u, \tau)=(\eta(\tau))^{1/5}$
3 $L( \frac{4}{5},0)$ 10 $U=L( \frac{4}{5}, \frac{2}{5})$ $W=L( \frac{4}{5}, \frac{1}{15})$
1
$S(u, \tau)=(\eta(\tau))^{4/5}$
4 $L( \frac{6}{7},0)$ 15 $U=L( \frac{6}{7}, \frac{1}{7})$ $W=L( \frac{6}{7}, \frac{1}{21})$
$(\begin{array}{l}WUW\end{array})$
1 $u\in U$ $S(u, \tau)=(\eta(\tau))^{2/7}$
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